Petkus winter rye has been subjected to vernalization treatments using the technique of restricted moisture content in plastic boxes lined with filter paper. Grain so treated has also been subjected to the devernalizing action of temperatures higher than those at which vernalization proceeds.
INTRODUCTION
The self-perpetuating nature of the flowering stimulus, both in vernalization and in photoperiodism, has been recognized (Lona 1947; Purvis 1948; Lang 1952) and this has led to the postulatioI,l that substances produced auto-catalytically are involved in floral initiation. The inductive stimuli of cold or daylength would thus be expected to bring about the initial production or accumulation of such substances. As the sum ofthe existing evidence indicates that the flowering stimulus may be transferred with certainty only through a living tissue junction, it seems that the stimulatory material may consist of complex substances. The analogy between the inductive processes involved in flowering and those involved in the formation of tumours by crown gall bacteria suggests similarities in the nature of the inductive principles. This suggestion is heightened by the auto-catalytic nature of the tumour-inducing principle and its transmissibility by grafting. Klein (1953) believes that the tumourinducing principle maybe a "special polymer of-DNA". He reports a 100 per cent. increase in deoxyribonucleic acid (DNA) content of tomato stems during the inductive phase of tumour genesis. Changes in nucleic acid might therefore be expected to occur during the process of induction of flowering. Ehrenberg (1954) has reported a change in the diurnal rhythm ·of phosphatase activity in Kalanchoe Blossfeldiana under photo-inductive daylengths, and this could be evidence of the initiation of changes in phosphate metabolism, possibly involving the phosphate of nucleic acid.
There are at least two ways in which changes in nucleic acid metabolism might be related to the induction of flower formation. One possibility is that such changes could-lead to the formation of a nucleic acid material specific for flowering. Alternatively, during induction, a reserve of non-specific nucleic acid might accumulate, and this might be utilized in the subsequent elaboration of specific substances involved in flower initiation. The recognition of a specific nucleic acid material would be L. R. FINCH AND D. J. CARR difficult by existing chemical techniques, but any accumulation, such as that found by Klein in tumour induction, might be readily detected.
Since the conditions of low temperature under which induction of flowering (vernalization) occurs in Petkus winter rye are well defined Purvis 1938a, 1938b) , studies of the nucleic acid content of embryos of this plant during vernalization were considered to be the most profitable line of initial investigation. Before the experiments were started, results published by Konarev (1954) indicated that cold treatment'produced marked increases in the ribonucleic acid (RNA) content of embryos of Saratov No.1 winter rye and Lutescens 329 winter wheat, both of which are susceptible to vernalization, whereas no such change occurred in the embryos of the spring wheat Lutescens 62, which does not respond to vernalization: The results of our investigation do not show similar changes of contents of nucleic acid in embryos of Petkus winter rye during vernalization with restricted moisture content.
II. METHODS
(a) Treatment of Grain Petkus winter rye* (100 g) was rinsed twice with warm tap water and three times with distilled water, and then shaken with 100 ml of a suspension of "Ceresan-M" seed sterilant, 1/10,000 in water. Ragai and Loomis (1954) have found the use of 1/10,000 "Ceresan-M" gives complete sterilization of maize grain without any effect on respiration and with only a 5 per cent. reduction in germination. The grain was spread out in an 8 X 12 in. porcelain dish into which the suspension of "Ceresan-M" was poured. Excess liquid was decanted so that the grain was not covered. The grain was incubated at 20°C for 6 hr, and then transferred to "vernalization boxes" and incubated for a further 24 hr at 20°C.
The vernalization boxes were 5 X 4 in. polyvinyl.acetate containers, 2! in. deep, lined with Whatman No.1 filter paper, and covered with a layer of filter paper and polythene sheet sealed with "Cellulose" adhesive tape. Gas exchange was allowed by six 2-mm holes drilled around the sides of each box. A window was cut in the filter paper which lined the sides of each box to allow inspection of the grain. 20 g of moist grain (about 450 individual grains) was spread evenly on the bottom of each box and the filter paper moistened with water.
The amount of water required to wet the filter paper evenly was determined as 0·57 ml per g dry weight of filter paper and the paper was moistened at this ratio in the first experiment. As this treatment gave rise to grain with a moisture content below 50 per cent. of the dry weight, a ratio of 1·0 ml of water per g of filter paper was used in the second experiment. This proved satisfactory in giving grain of a moisture content of just over 50 per cent. of the dry weight.
At the time of transfer to the boxes the moist grain was sampled for dry weight determination. At the completion of the 24-hr incubation period the amount of water needed to bring the moisture content of the grain to 50 per cent. of the dry weight (i.e. dry weight = 66·7 per cent. moist weight) was added to the boxes. The boxes and their contents were then placed in a cold room (temperature 0--4°C). They were weighed weekly and losses in weight made up by the addition of water.
* Kindly supplied by the National Institute of Agricultural Botany, Cambridge.
At the completion of the period of vernalization a sample of 3--4 g of grain was taken for dry weight determination. The remainder of the grain was divided between three dishes of the type used by Purvis and Gregory (1952) . These dishes were then subjected to temperatures of 0-4, 20, and 35°0, respectively, for 66-68 hr, after which the grain was analysed.
(b) Sampling Embryos were dissected from the grain and placed in tared glass homogenizer tubes for the extraction, and in tared micro-Kjeldahl flasks for the determination of dry weight and of nitrogen content. The homogenizer tubes were suitable for centrifuging at the various stages of the extraction. About 20 embryos were taken for the extraction procedure and 10-15 for the dry weight and nitrogen determination. Duplicate samples were taken both for extraction and for determination of dry weight and of nitrogen content. Embryos were selected to be of as uniform size as possible, over-large and over-small embryos being discarded.
(c) Extraction
Extraction and estimation of acid-soluble phosphorus, RNA-phosphorus, and DNA-phosphorus was carried out using the method of Ogur and Rosen (1950) , as modified by Martin and Morton (private communication, 1954 ). The method is described here for convenience. Immediately after weighing, the samples for extraction were homogenized with 3 ml of methanol, 1 t ml being placed in the tube initially and the further 1 t ml being used to wash down the pestle after homogenizing. The tubes were centrifuged and the methanol extract discarded. Homogenizing as above was repeated and the methanol extraction was allowed to continue for 30 min, after which 3 ml of chloroform was added and a further 30 min extraction was allowed. The residue was again homogenized with 3 ml of methanol, then 3 ml of chloroform was added to the suspension immediately, and the extraction continued for 30 min. The extract was again discarded while the residue was washed twice with 6 ml of ether and then dried in a desiccator evacuated continuously overnight.
The residue was homogenized, as with methanol, with 3 ml of ice-cold water and then 2 ml of ice-cold 0·5N perchloric acid was added and the suspension centrifuged immediately, using the centrifuge in a cold room at 0--4°0. The extract was retained and the procedure repeated twice, the combined extracts being made up to 15 ml and used for the determination of acid-soluble phosphorus.
The residue was shaken with 5 ml N perchloric acid at 0°0 for 24 hr, the suspension was centrifuged and the extract was retained. This procedure was repeated for a 6-hr extraction and for an 18-hr extraction. The combined extracts were made up to 15 ml, and used for the determination of RNA-phosphorus and ultraviolet absorption.
The residue was suspended in 5 ml 10 per cent. sodium chloride in O·IM acetate buffer, pH 4, and heated in a boiling water-bath for 20 min. The suspension was centrifuged and the extract retained. There followed two washes each of 2-3 min in a boiling water-bath with 5 ml of the buffered saline. The combined extracts were made up to 15 ml and used for the determination of DNA-phosphorus. ~ It is doubtful whether there is any method available (including the one used here) for the complete quantitative separation and estimation of RNA and DNA. However, the agreement obtained for· duplicates indicates that the present method gives reproducible fractions. For the RNA fractions, the ratio of optical density at 260 m"" to ""g of phosphorus (0·30-0·35 in the first experiment and 0·34-0·36 in the second experiment) indicates that this fraction is of fairly constant composition.
Paper chromatography of perchloric acid hydrolysates by the method of Wyatt (1951) showed the RNA extract to contain ura.cil, but no thymine. Chromatograms were not conclusive as to the presence, or absence, of uracil in hydrolysates of the DNA extract.
Thus, although it seems likely that the RNA extract was free of DNA contamination, the purity of the DNA extract cannot be assured.
(d) Ultraviolet Absorption
Ultraviolet absorption was determined over the range 240-290 m"" in a Beckman DU spectrophotometer using cuvettes of 1 cm path length. Absorption was always a maximum at 260 m"" for the RNA extract, and the optical density at this wavelength was taken as one measure of the RNA concentration.
(e) Phosphorus Estimation
An aliquot of extract containing 2-6 ""g of phosphorus was taken and mixed with a quantity of ION sulphuric acid in a I-in. diameter "Quickfit" stoppered tube. 0·5 ml of ION sulphuric acid was used per ml of acid-soluble extract and of RNA extract, but an additional 0·2 Inl was added to each ml of 10 per cent. salt extract of DNA taken. One drop of 70 per cent. perchloric acid was also added to the mixture for DNA-phosphorus estimation. The mixtures were then evaporated to fumes over a micro-burner and placed on a heating rack for 15 min, after which time the line of condensation was 1-2 in. up the tube. Standards of 3·0,6·0, and 9·0 ""g of phosphorus as phosphate were also carried through the digestion. The digests were cooled, 5 ml of distilled water was added to them, and they were incubated for 10 min in a boiling water-bath to hydrolyse pyrophosphate. On cooling, phosphate-phosphorus was estimated by the method of Weil-Malherbe and Green (1951).
(f) Dry Weight Determination
After dissection and weighing, the samples for the determination of dry weight were put in an oven at 100°C for 8 hr, and re-weighed after cooling over pellets of sodium hydroxide in a desiccator. They were then used for the estimation of nitrogen.
(g) Nitrogen Estimation
Digestion was performed with 0·5 ml of a reagent containing selenium dioxide (0·33 per cent. w/v) and cupric sulphate pentahydrate (0·67 per cent. w/v) in 48 per cent. v/v sulphuric acid. Dissolution of the embryos was speeded by the addition of drops of 100 volume hydrogen peroxide to the cooled digests. Digestion was continued for 4 hr after evaporation of water. The digest was made up to 25 ml with distilled water, and ammonium-nitrogen was determined by Nesslerization (King • These values were calculated by multiplying the average moist weight of the embryos by the average of the ratio (dry weight/moist weight) for the embryos used for the corresponding nitrogen determinations.
). Blanks were carried through the digestion procedure, while standards of 6, 12, 24, and 36 (Lg of ammonium-nitrogen were carried through the Nesslerization. Purvis (1938a, 1938b) have found that the degree of vernalization of Petkus winter rye, at a temperature of 0-4°C, is progressively increased for increasing duration of cold treatment up to 8 weeks. After 8 weeks of cold treatment the vernalization process is almost complete, and there is little decrease of the degree of vernalization with subsequent treatments at temperatures from 15 to 40°C. However, the decrease of the degree of vernalization (devernalization) is considerable for grain which is incompletely vernalized as a result of having less than 8 weeks of cold treatment. The processes of both vernalization and devernalization can be carried out on grain with a moisture content restricted to 50 per cent. of the dry weight (i.e. dry weight = 66·7 per cent. of moist weight), to prevent excessive growth of the embryos (Purvis and Gregory 1952) . Embryos excised from the grain and grown on sugar can be vernalized, so that the locus of the process is in the embryo (Gregory and Purvis 1938a) .
III. RESULTS AND DISCUSSION
On the basis of these findings, two experiments were carried out on Petkus winter rye to test whether there were changes in the contents of acid-soluble phosphorus, RNA-phosphorus, or DNA-phosphorus in the embryos of grain treated under the conditions causing vernalization and devernalization. The technique of restricted water content was used to limit growth of the embryos in order that they would remain of roughly comparable size in all treatments.
In the first experiment (Table 1) cold treatments were applied for 3, 6, and 8 weeks with incubations for 66-68 hr at 0, 20, and 35°C at the conclusion of each cold treatment. The moisture content of the grain after cold treatment was of the order of only 43 per cent. of the dry weight (dry weight = 70 per cent. of moist weight). Grain in the control series received the initial soaking and incubation at 20°C plus the further incubation for 66 hr at the three post-vernalization temperatures. There was a rise in RNA-phosphorus/unit dry weight from the control (no cold treatment) to the 6 and 8 weeks cold treatment, but this rise is possibly related to the concurrent fall in embryo dry weight which may have resulted from over-restriction of the water content of the cold-treated grain. This over-restriction of the water content makes the results of the experiment of uncertain validity with respect to vernalization. They have been included here since this trend of RNA-phosphorus/unit dry weight is in line with the increase found by Konarev (1954) during vernalization. However, the trend is reversed when the results are expressed as RNA-phosphorus per embryo, and was absent in the second experiment in which the moisture content was approximately 50 per cent. The fall in RNA-phosphorus/unit dry weight, with devernalizing treatments after 6 and 8 weeks cold treatment, is too slight to be of significance, and is reversed, or reduced, when expressed on a basis of unit nitrogen, or per embryo.
In the second experiment (Table 2) cold treatments were applied for 4, 6, and 8 weeks with incubations for 66-68 hr at 0, 20, and 35°C at the conclusion of each cold treatment. The moisture content of the whole grain after cold treatment was just • These values were calculated by multiplying the average moist weight of the embryos by the average of the ratio (dry weightlmoist weight) for the embryos nsed for the corresponding nitrogen determinations.
over 50 per cent. of the dry weight (dry weight = 66·7 per cent. of moist weight). The grain in the control series (Table 3) was soaked and incubated for 24, 48, and 72 hr at 20°0 to produce embryos of a range of size, measured as dry weight, but not subjected to conditions affecting vernalization. For this experiment, there is no change in RNA-phosphorus/unit dry weight during the period of vernalization.
There is an increase in RNA-phosphorus/embryo with cold treatment (Table 2) ; but the similar increase in RNA-phosphorus/embryo with increasing embryo size measured as dry weight in the control series (Table 3) indicates that this is a function of embryo size rather than degree of vernalization. Similarly, the fall in RNA-phosphorus/unit dry weight under the devernalizing high temperature treatments appears to be related to embryo size rather than to devernalization. Similarly, no changes related to vernalization can be seen in the acid-soluble or DNA-phosphorus fractions estimated in either experiment. Nitrogen content falls with high temperature treatment so that all the phosphorus fractions appear to increase with high temperature treatment when expressed on a basis of unit nitrogen (Table 2) .
Thus, no increase in RNA-phosphorus of the magnitude of that found by Konarev (1954) for winter rye (Saratov No.1) or winter wheat (Lutescens 329) was found in these experiments on Petkus winter rye. The difference between our results and those of Konarev may be related to our use of the technique of restricted moisture content. This technique prevents excessive growth and changes in dry weight of the embryos undergoing cold treatment while permitting vernalization to proceed unchecked. Since there is no apparent trend in either DNA-phosphorus or RNAphosphorus with the progress of vernalization, it is not surprising that the devernalization treatments have little effect on these fractions other than that which is shown by non-vernalized grain subjected to the same temperature treatments, and which appears to be due to growth and increase in embryo dry weight.
Though these analyses do not indicate the likelihood of gross change in nucleic acid fractions during vernalization of Petkus winter rye, they do not exclude the possibility of the elaboration of a specific nucleic acid-containing substance in the process.
